Objective: Optimism is associated with reduced cardiovascular mortality, but its impact on recovery after acute coronary syndrome (ACS) is poorly understood. We hypothesized that greater optimism would lead to more effective physical and emotional adaptation after ACS and would buffer the impact of persistent depressive symptoms on clinical outcomes. Methods: This prospective observational clinical study took place in an urban general hospital and involved 369 patients admitted with a documented ACS. Optimism was assessed with a standardized questionnaire. The main outcomes were physical health status, depressive symptoms, smoking, physical activity, and fruit and vegetable consumption measured 12 months after ACS, and composite major adverse cardiac events (cardiovascular death, readmission with reinfarction or unstable angina, and coronary artery bypass graft surgery) assessed over an average of 45.7 months.
INTRODUCTION
O ptimism is a psychological trait characterized by positive expectations about future outcomes. Optimistic dispositions seem to be associated with reduced cardiovascular mortality and morbidity (1) (2) (3) . This relationship could be due to associations between optimism and the incidence of cardiovascular disease, or to more effective recovery after cardiovascular events in people with advanced disease. Optimism has been linked with lower levels of biomarkers such as interleukin-6 and C-reactive protein (4, 5) , better endothelial function (6) , favorable lipid profiles (7) , and slower progression of carotid atherosclerosis (8) . Optimism has also been associated with lower risk of incident heart failure (9) , has been shown to predict rehospitalization after coronary artery bypass graft surgery (10) , and fewer cardiac events after percutaneous coronary interventions (11) . However, the impact of optimism on recovery after acute coronary syndrome (ACS) is not known.
Optimism is not a passive trait because more optimistic individuals are proactive and exert effort to achieve positive outcomes compared with less optimistic individuals (12) . In this study, we investigated the relationship between optimistic dispositions and physical health status and psychological well-being 12 months after ACS, testing the hypothesis that optimistic patients would be less depressed and have better physical health status. We also measured health behaviors including smoking, fruit and vegetable intake, and physical activity, reasoning that more optimistic patients would be more likely to stop smoking, change to a healthier diet and become more physically active than would less optimistic individuals.
Depressive symptoms after ACS have been consistently associated with recurrent cardiac events and greater morbidity (13) . Optimism may protect against the adverse impact of depression. We therefore tested whether high levels of optimism buffered the effects of persistent depressive symptoms on long-term cardiac health.
METHODS

Patients and Procedure
These data are derived from two longitudinal studies of biobehavioral aspects of ACS carried out at St George's Hospital in South London (14) (15) (16) . Recruitment to the first study was carried out between December 2001 and August 2004, and the second between June 2007 and September 2008. Inclusion criteria were identical, with patients being invited to participate if they had a diagnosis of ACS based on the presence of chest pain plus verification by diagnostic electrocardiogram changes, troponin T, or troponin I ≥99th percentile of the upper reference limit. Patients were required to be 18 years or older, not to have comorbid conditions that might influence either symptom presentation or mood (e.g., neoplasia, unexplained anemia, immunotherapy, and critical ischemia), and ability to complete interviews and questionnaires in English. Patients were interviewed in the hospital when demographic data were collected together with information about symptom onset. In the first study, optimism and baseline measures of depressive symptoms and health status were assessed 7 to 10 days after ACS, whereas in the second study, measures were taken during a home visit carried out an average of 21.6 days after ACS. There were, however, no differences in levels of optimism between the two studies. Follow-up assessments of depressive symptoms, physical health status, and health behaviors were made by structured telephone interviews and questionnaires 12 months after discharge, and major adverse cardiac events were identified from hospital clinical records. The studies were approved by the National Research Ethics Service, and all patients gave signed consent.
Measures
Dispositional optimism was assessed using the revised Life Orientation Test, a widely used measure of optimistic traits that evaluates generalized expectations of positive and negative outcomes (17) . Participants were asked to indicate the extent of their agreement with each item (e.g., "In uncertain times, I usually expect the best") from 0 (strongly disagree) to 4 (strongly agree). Six items are used to derive the optimism score, so ratings can range from 0 to 24, with higher scores indicating higher levels of optimism.
The Beck Depression Inventory (BDI) was used to assess depressive symptoms (18) , as recommended by an expert group in 2006 (19) . This consists of 21 items rated on a scale of 0 to 3, so maximum scores can range from 0 to 63. The standard threshold of 10 or higher was used to define clinically significant depressive symptoms (20) , but similar results were obtained when the BDI was analyzed as a continuous measure. Physical health status was assessed with the physical health component score from the 12-Item Short Form Health Survey (21) . Limitations in physical functioning, effective role fulfillment, bodily pain, and general health perceptions contribute to total scores that can range from 0 to 100, with higher scores indicating better physical health status.
Smoking was assessed as a binary variable (current smoker/ nonsmoker), and physical activity was assessed in terms of the number of times over the past week the patient had exercised vigorously (enough to make them out of breath) and the minutes of brisk walking per day. We also measured whether or not the patient had eaten at least five daily servings over the previous week of fruit and vegetables, using a biochemically validated measure (22) . Major adverse cardiac events were defined as cardiovascular death, readmission with reinfarction or unstable angina, and coronary artery bypass graft surgery. This information was obtained from clinical records with an average follow-up of 45.7 (14.9) months after ACS.
Admission electrocardiograms were reviewed for presentation as ST-elevation myocardial infarction or non-ST elevation myocardial infarction or unstable angina. Cardiovascular history, clinical factors during admission, and management were obtained from clinical notes, and the extent of significant stenosis of coronary arteries and left ventricular function were obtained from angiography records. Clinical risk was assessed using the Global Registry of Acute Coronary Events (GRACE) risk score, which combines nine indices to define risk of postdischarge death after ACS (23) . Lifetime history of depressive illness was assessed using standard methods (24) . Socioeconomic status (SES) affects survival after ACS (25) , so was assessed using a deprivation index based on three criteria: living in a crowded household, renting as opposed to owning a home, and not having use of a motor vehicle (car or van) (16) . Patients were classified as low deprivation (negative on all items), medium deprivation (one positive), high (two positive), and very high (three positive).
Statistical Analysis
We analyzed optimism as a continuous variable and modeled associations between optimism and outcomes at 12 months using logistic regression for depressive symptoms, smoking status, and fruit and vegetable consumption, and linear regression for physical health status and physical activity. We included factors that might potentially confound associations with outcomes, including age, sex, ethnicity, social deprivation, history of depression, and GRACE risk score. Study sample was modeled as a dummy variable to take account of any differences between the two investigations contributing to this analysis. We also included the baseline value (obtained in the month after ACS) of each dependent variable as an additional covariate. Results are presented as adjusted odds ratios or unstandardized regression coefficients with 95% confidence intervals (CIs). We illustrate the significant associations at 12 months by comparing the outcomes in patients in the lowest and highest tertiles of optimism, after adjustment for covariates.
Information on long-term major adverse cardiac events was missing for 52 (14.1%) of the 369 patients because records could not be traced due to patient relocation or transfer to another hospital. A further 62 cases had a cardiac event before 12 months (n = 32) or failed to complete the BDI at 12 months (n = 30), so they could not be included in analyses combining optimism with persistent depression. There were no differences between patients who were included and patients who were omitted from the analysis of long-term adverse events in terms of age, sex, ethnicity, history of ACS, GRACE risk score, or optimism. We therefore tested the association between optimism and long-term clinical cardiac outcomes in the full sample for which data were available (n = 317), and the interaction between optimism and persistent depression (clinically significant symptoms at 12 months) in 255 cases. The odds of major adverse cardiac events were calculated, adjusting for age, sex, ethnicity, social deprivation, history of depression, GRACE risk score, and study sample. When testing the interaction between optimism and depression, we computed the cross-product between continuous optimism (reverse scored) and depressive symptom ratings and entered it into a regression on major adverse cardiac events. The significant interaction was illustrated by dividing the sample into higher and lower optimism subgroups by binary split and creating four categories of patient: higher optimism/low depressive symptoms, higher optimism/ high depressive symptoms, lower optimism/low depressive symptoms, and lower optimism/high depressive symptoms. In supplementary analyses, we added history of ACS and number of coronary arteries with significant stenosis to all the analyses, but the findings were unchanged (results not shown).
RESULTS
The study group consisted of 296 male and 73 female ACS patients, as detailed in Table 1 . Most patients were white men who had experienced an ST-elevation myocardial infarction. Optimism was not related to age, sex, ethnicity, social deprivation, ACS type, GRACE risk score, number of arteries with significant stenosis, history of ACS, severity of CAD, or left ventricular function.
Depressive symptoms increased from 3 weeks to 12 months after ACS, and the proportion of patients with clinically significant symptoms rose from 24.6% to 31.7% (p = .011), whereas physical health status improved from a mean of 49.3 (20.0) to 52.5 (21.4) over the same period (p < .001). Smoking prevalence fell from 36.9% to 10.9% at 12 months (p < .001), whereas at 12 months, 30.5% consumed five or more servings of fruit and vegetables per day. There was no change in vigorous physical activity, but patients reported increasing brisk walking from 11.76 to 27.80 min/d (p = .027). There were 85 (26.8%) major adverse cardiac events over the follow-up period between 12 and 45.7 months.
Optimism and Recovery After ACS
We found an inverse cross-sectional association between optimism and depressive symptoms measured at baseline immediately after ACS (r = −0.39, p < .001). Optimism also predicted low risk of depressive symptoms after 12 months, with an odds ratio of 0.82 (95% CI = 0.74-0.90, p < .001) after adjusting statistically for baseline depression level, age, sex, ethnicity, SES, history of clinical depression, GRACE risk score, and study sample. As illustrated in Figure 1 , clinically significant depressive symptoms were twice as common in the low than high optimism tertiles after adjusting for covariates. The adjusted BDI scores averaged 6.99 (4.71), 8.19 (5.81), and 10.67 (11.46) in the low, medium, and high optimism tertiles, respectively (p < .001).
We found that optimism was not related to physical health status in the month after ACS (p = .50). However, after 12 months, physical health status scores were more positive in optimistic patients (B = 0.65, 95% CI = 0.10-1.20, p = .022) after adjusting for baseline health status, clinical, and sociodemographic covariates, and study sample. The adjusted physical health status scores averaged 4.6 points higher in the high than low optimism tertile (Fig. 1) , although the association was not linear, with individuals in the medium tertile having similar ratings to those in the low tertile.
Optimism and Health Behavior 12 Months After ACS
Optimism was not related to smoking status, fruit and vegetable intake, or physical activity in the month after ACS, but we found that optimism predicted a reduction in smoking after 12 months independently of age, sex, ethnicity, SES, history of depression, GRACE risk score, and study sample (odds ratio = 0.84. 95% CI = 0.73-0.96, p = .01). After 12 months, 47.9% of smokers at baseline in the low tertile of optimism continued to smoke, compared with only 15.3% of patients in the high optimism tertile (Fig. 2) . The proportion of patients eating five or more servings of fruit and vegetables per day was positively associated with optimism (adjusted odds ratio = 1.13, 95% CI = 0.13-1.23, p = .007), with twice as many patients in the high than low optimism tertile eating adequate fruit and vegetables (Fig. 2) . By contrast, changes in physical activity were not related to optimism.
Optimism, Depression, and Long-Term Clinical Outcome
The odds of major adverse cardiac events were reduced for every unit increase in optimism score (odds ratio = 0.97, 95% CI = 0.90-1.05), but the association was not significant. However, the cross-product of optimism (reverse scored) and depression at 12 months (both measured as continuous variables) was associated with the occurrence of major adverse cardiac events after adjusting for covariates (odds ratio = 1.13, 95% CI = 1.03-1.2, p = .014). In this model examining the interaction, the main effect for optimism (odds ratio = 0.80, 95% CI = 0.67-0.96, p = .017) was significant, but not the main effect for depression (odds ratio = 0.98, 95% CI = 0.92-1.05, p = .54). In addition, patients reporting low optimism coupled with high depressive symptoms were at increased risk. This association is illustrated by analysis of patients' higher and lower in optimism defined by binary split, and with and without clinically significant depressive symptoms. It should be noted that although four groups were created using this method, the proportion of patients in the higher optimism/ high depressive symptom category is small (n = 5; see Table 2 ). Nonetheless, 37% patients with clinically significant depressive symptoms at 12 months who were low in optimism had a further cardiac event or death, compared with 19.1% in the higher optimism/low depressive symptom category ( Table 2 ). The odds of a major adverse event in the lower optimism/high depressive symptom category were 2.56 (95% CI = 1.16-5.67, p = .020) adjusted for age, sex, ethnicity, SES, history of depression, GRACE risk score, and study sample. Optimism seemed to protect against the impact of persistent depressive symptoms because patients in the higher optimism/high depressive symptom category did not show an elevated major adverse cardiac event rate.
DISCUSSION
Our study found that optimistic patients showed better recovery 12 months after an ACS, as evidenced by fewer depressive symptoms and better physical health status. These associations were independent of demographic and clinical factors. We also hypothesized that optimistic patients would be more likely to stop smoking, improve their diet, and become more physically active than patients low in optimism. Our results were moderately supportive, in that patients higher in optimism were more likely to stop smoking and eat more fruit and vegetables. There was, Optimism and Recovery After ACS however, no association between optimism and changes in physical activity. In addition, we found that optimism seemed to protect against the long-term adverse effects of depression on cardiac morbidity and mortality. With the exception of physical health status, the associations were linear across the optimism distribution. It has previously been reported that optimism is associated with reduced cardiovascular mortality. For example, Giltay et al. (1) found that older men without previous cardiovascular disease in the upper tertile of optimism had a hazard ratio of 0.45 (95% CI = 0.29-0.68) for cardiovascular mortality over the next 15 years compared with those in the lowest optimism tertile. In the Women's Health Initiative, optimists had reduced all-cause and cardiovascular mortality over an average of 8-year period, independently of covariates (2), whereas optimism was associated with reduced coronary heart disease (CHD) risk in the Whitehall II study (26) and reduced incident heart failure in the Health and Retirement Study (9) . Such effects could be the result of optimism affecting the incidence of cardiovascular disease, or because optimism is associated with better recovery after acute cardiac events. Associations with CHD incidence have been somewhat inconsistent, showing positive associations with level of optimism in some studies but not others (27, 28) . With regard to adaptation after cardiac events, associations between dispositional optimism and more effective recovery from cardiac surgery have been described, with lower rates of rehospitalization after coronary artery bypass graft in more optimistic individuals (10, 29) . Associations between optimism and recovery after ACS have not been described before, but our results suggest that the favorable effects of optimism extend to recovery after acute cardiac events as well.
Not only was optimism associated with better physical health status 12 months after ACS, it also seemed to predict greater psychological well-being. Depressive symptoms are common after cardiovascular events (30) and are associated with poor recovery and quality of life as well as mortality among ACS patients (13, 31) . Dispositional optimism may protect against depression in people with serious physical illness, and inverse associations between optimism and depressive symptoms have been described after breast cancer surgery (32) and in CHD patients (33) . Our analyses document a substantial protective effect, with a two-fold difference in elevated depressive symptoms at 12 months in patients in the highest versus lowest tertile of optimism, even after controlling for depressive symptoms at baseline.
Our results also suggest that more optimistic patients actively promote recovery after ACS by making changes toward healthier life-styles. Smoking cessation was more common among optimists, who also reported greater consumption of fruit and vegetables. Together with the difference in psychological well-being, these behaviors may contribute to enhanced recovery. The one behavior that was not related to optimism was physical activity. Patients reported that they carried out more brisk walking at 12 months compared with the month after ACS, but the effect was not associated with optimism. The reasons are not clear, but a previous study of elderly patients with a history of CHD also showed no association (34) . The limited reliability, validity, and sensitivity to change of self-report measures of physical activity in this population may be relevant, and objective measures would provide a stronger test of the association between optimism and physical activity.
There was a small increase in the prevalence of clinically significant depressive symptoms between 3 weeks and 12 months after ACS. Although decreases are sometime recorded (35), previous findings have been quite varied, with stable levels in some clinical cohorts (36, 37) and increases due to new-onset symptoms in others (38, 39) . The explanation for these variations is not clear.
Our study did not demonstrate that optimism in isolation was associated with reduced risk of major adverse cardiac events; although the odds ratio was reduced among patients with greater optimism, the effect was not significant. Hence, low optimism in itself was not detrimental to cardiac health in this sample. However, we did find that optimism seemed to buffer the impact of persistent depression on cardiac outcomes. This suggests that optimism may ameliorate the negative influence of depressive symptoms, possibly through the enhancement of protective health behaviors. The primary evidence for this association emerged from analyses using the cross-product of optimism and 12-month depressive symptom scores, but effects were corroborated by division of the cohort into four categories based on optimism and depression ratings. It should be noted that the average optimism ratings were relatively low; unpublished ratings from more than 500 healthy men and women of a similar age to these patients have an average of 15.72 (4.0) compared with 13.84 (3.6) in our ACS patients. As would be expected, the combination of higher optimism and high depressive symptoms was relatively rare, being observed in only 19% of respondents in the higher optimism category.
Strengths of this study include the longitudinal design, with assessments soon after hospitalization with ACS, at 12 months after the cardiac event, and with longer-term cardiac outcomes. We used standardized and well-established measures of optimism, physical health status, and depressive symptoms, and we were able to control statistically for clinical cardiologic factors.
There are also a number of limitations. Optimism was assessed over the month after ACS and at different average time intervals since ACS in the two longitudinal studies on which the analyses are based. These ratings may, in part, reflect patients' perceptions of their recovery and prognosis, rather than more general psychological dispositions. We did not record physician-patient interactions but conjectured that if this was the explanation, then less optimistic patients would have poorer physical health status in the month after ACS; this was not the case. However, optimism is a moderately stable trait (1), so it is unlikely to have changed after ACS. We failed to track all the patients for long-term adverse cardiac events. However, there were no striking differences between patients who were included and missing from long-term follow-up. We ascertained clinical outcomes from hospital notes without independent adjudication and used a composite end point because there were insufficient cases for analysing separate outcomes. We were not able to assess other causes of death such as cancer, although other studies have suggested associations with low optimism (40) . The measures of health behavior, depressive symptoms, and physical health status were collected by self-report and were not corroborated with objective assessments. This was an observational study, so we cannot infer a causal association between optimism and cardiac outcomes.
In conclusion, our results indicate that optimistic dispositions predict better recovery after ACS in terms of physical health status, depressive symptoms, and behaviors relevant to long-term prognosis, and that these effects are independent of demographic and clinical factors. These effects are consistent with previous studies of patients undergoing cardiac surgical interventions. Optimism also seems to buffer the adverse impact of persistent depressive symptoms on long-term cardiac outcomes. Measurement of optimism might lead to more accurate identification of individuals at risk for poor adaptation. In addition, cognitive-behavioral interventions can increase optimism (41), so it is possible that less optimistic perspectives in cardiac patients are malleable, potentially leading to improved adaptation after major cardiac events.
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